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ABSTRACT 

Trajcctory  configurations  resulting  from  the  passage of transosondes  through regions of inertial  (dynamic) in- 
stability are considered. It is shown that  cusped  trajectorics  and  trajectories  with  small  anticyclonic  loops  occur 
downstream  from  such regions, with  the particu1:tr trajectory  configuration  most  likely  dependent  upon  the  magnitude 
of the  pressure  gradient in thc  area where the  transosondc velocit,y approaclles zero. The  large  geostrophic  departures 
existing  in,  and  downstream from, regions of itwrtial  instability  make  conventional  trajectory  estimations  within 
such  regions difficult,, if not  impossible.  Cases  are  discusscd  wherein  there is evidence that  large  ageostrophic flows 
associated  with  regions of inertial  instability are prccursors of char1gc.s ill prc'ssure pattern. 

1. INTRODUCTION 

Evidence for  inert'ial  oscillat~ions  dong  transosonde 
traject,ories has  been presented in a previous pitper 111. 
In this paper  emphasis is plwed  upon tjransosontlc trn- 
jectories whkh  pass  through regions of inertial  instability. 
Within such  regions thc inertial  period is infinite,  and  since 
there is no  obvious force acting to rcst'orc the flow to  
geostrophic or  gradient'  cquilihriutn,  largc  t~geostrophic 
or agradient flows would  be  anticipated. 

If the basic flow is geostrophic, vtm 1Iieghcn1 [ 2 ]  ant1 
others have shown that  inertial or dyn:mic instability 
exists when the  absolute  (gcostropl~ic)  vorticity c.otlrputcd 
on an isentropic  surface is ncgxtive. 11' the basic. flow is 
curved, the criterion for inertial  insttlbility is kno\vn only 
for the case of' a  steady  synmctricwl  vortex.  Under such 
conditions, inertial  instability  cxists  if, on an  isentl  opic 
surface, the  absolute  vorticit'y is negative and thr flow is 
normal, or the ttbsolutc vorticity is positive : ~ n d  t l ~ e  
flow is abnornrwl; that  is, possesses  antic*yclonic rotation 
in space [ 3 ] .  A derivtltion of' thr latter  criterion has 
recently been  presented b.v Alaktt [4] in a conlprehensive 
article dealing  with  abnormal  or  momttlous  winds,  and 
will not be repeated  here.  However,  it is importttnt to 
note that negative sbsolut'e vorticity is usually  attained 
through the existence of large  antic>donic wind  shears, 
whereas the  criterion lor abnonnttl flow is independent' 
of horizontal  wind shear. 

The  purpose of the  paprr is to  illust>rate,  through  the 
use of transosonde  trajectories,  the  form  and  magnitude 
of the ageostrophic  flows  resulting  from  inertial  instabil- 
ity, and  to  point  out some possible forecast  implications 
thereof. Throughout  this  discussion  it  must  be  remembered 
that the transosondes  did not partake of the  vertical  air 
motions, and  consequently  the  horizontal  projections of 

the :~-dirnensionwl air  parcel  traject'ories  may  have 
so r~~c \v l~a t  different  configurat'ions  than  the  illustrated 
trarlsosonde  t'rajectories.  Furthermore,  while  the  criterion 
for inertittl  instability is prescribed  for  isent'ropic  surfaces, 
~e are assuming  it' can be applied  to  isobaric  surfaces 
with  litt'le  approximation. 

2. INERTIAL  INSTABILITY AND TRAJECTORY CUSPS 

Tn the transosonde  program, t'lte  first'  clear-cut  example 
of transosonde  passage  through a region of inertial  in- 
st8abilit8y  occurred  on  flight' 990, launched  from  Minneapolis 
in  April  1953  for  flight a t  300 rnb.  Figure 1 shows  a 
portion of t'his  flight  trajectory  with  smoobhed  positions, 
and  the  winds  derived  therefrom,  indicated  at 4-hour inter- 
vals.  Thcse  smoothed  positions  (and  all  ot'her positions 
ut'ilized in  this  paper)  were  obtained  by  a  one-two-one 
weight'ing of successive  2-hourly  latitudes  and  longitudes 
obtained  by  Federal  Communications  Commission radio- 
direction-finding  intercepts  on  the  transosondes. It is 
seen f'rorn figure 1 that  as  flight 990 crossed  the  east 
coast of the  United  States  it  was  embedded  in  a region of 
st'rong  anticyclonic  wind  shear,  as  shown  both by the  con- 
tour  spacing of t'lle NAWACl analysis  and  the  wind  speed 
difference between  Hempstead  Air  Force  Base on Long 
Tsland (150 kt.)  and  Washington, D.C. (90 kt.) .  Wit'h  such 
straight  contours  a good approximation  to  the  geostrophic 
wind  shear is given by  the  more  objectively  determined 
anticyclonicwind  shear  between  Hernpst'ead  and  Washing- 
ton, which  amounted  to 60 kt. in 180 nmi .   o r  -0.90 x 
sec." The  earth's  vorticity  about  the local vertical 
at  this  latitude is 0.87X sec. -' Taking  into  account 
the  additional cyclonic  vorticity of the flow due  to  zonal 
movement  about  the  spherical  earth  and noting that for 



all  practical  purposes  t'here was no curvature  vorticity, 
we see tha t   a t  tlle  position of t h e  transosonde at  lnap tirllc 
negative  absolute  vorticit'y  existed  or  was  c~losr1~- 
approximated. 

Assuming that8  negat'ivc  absolute  vorticity  act'ually  did 
exist,, t8he question  arises as t'o horn it was at,t'ained, sirlcae 
horizontal  divergence is ioeapable of produc-ing  such an 
extreme  condit'ion. I n  t'llis case t'he temperature patt,crn 
(not'  shown in fig. 1, but see fig. 12 of reference [ 5 ] )  suggest,s 
that  t'he negativc  absolute  vorticity  could have resulted 
from the  twist>ing  into  the  vertical of vortex t'ubes associ- 
ated  with  vertical  wind  shear. Thus,  at thc  jet corc a 
descending  motion of about 5 c1n. sec. -' was derived 
from  t'he t.en1peratur.e change following a hypot8hetic~al 
air parcel (adiabatic  rnethotl of deter~ninirtg verticsal 
motion) while along t'lle transosonde  trajectory  the  in- 
terpolated  temperatures  intlicatc, if anything, a slight 
ascending  motion.  Wit'h tmlle given  vertiral  wind  sllear 
o l  about 10 111. sec. in 1000 nleters,  this  leads to a 
vorticity  change of "5x sec. in 6 hours, a valuc 
easily  sufficient to produce t,lw negativc  absolute  vort,irit,>- 
observed.  This  twisting cffcct appears to ternlinatc ofT 
the east' coast' of t'he  United  States  and there the absolute 
vorticitJ- at  t,he  position of the transosonclc became lrlorr 
nearly  equal to zero. 



toward high pressure or about 60 kt'.  so  that, as can be seen 
from the figure,  t'lle flow was directed  nearly tit' right  angles 
to the  contours  during the period of deceleration.  The 
cusp-like form of the trajectory is  app:lrent  with  the  cusp 
separating  tllc  region of' rapid  trnnsosondt  deceleration 
from the region of rapid  transosonde  acceleration. 

Upstream from  the  cusp there is evidence for  inertial 
instabilit'y due both  to  the occurrerlc,e of' ubnornlnl flow 
in a region of' posit'ivc  absolute  vorticitv  (Pwific  coast 
ridge) and to the  occurrence of negative  absolute  vorticity 
in R region of nortnal flow (C'Rlilorni~t-Nev~Ld~~  area). 
Thus,  wit>h regard  to t'he lattcr  phenotnenon,  note t8h:lt :it' 
Bishop,  Calif. t'hc  wind s p e d  TWS 180 k t .  ~vlrtrcas at 
bierced the wind spccd w t s  85  kt.,  yielding an  anticyclonic 
wind shear of 45 kt,. in 100 n.  nli. or - 1.2Ox IO-' S C ( : . - ~  

The earth's  vorticitpabout  the local  vertical at  this  latitude 
is 0.83X sec." Tile  cyclonic  (geostrophic)  curvature 
vorticity  does not appear sufficient to overcome tdris differ- 
ence so that  there is  evidence  for  the  existence of negative 
absolute vorticity betw-(Len these two stations and f:irtller 
downstream as well. Wit'h r e g d  to  the Pacific  coast 
ridge, during  the  12-hour  period fronl 2200 GMT on Feb- 
ruary 15 to 1000 GMT on  February 16 tlle trwnsosonde- 
derived wind  dircction  changed hyv 150°, corresponding  to 
an (ant'icyclonic)  nngulnr  velocity of "0 .6OX 10" sec. -". 
This is  identical  with  the cj-clonic  tlngular  velocit'J- of tlre 
earth about  the local  vert'ical s t  this  latit'ude, so that for 
12 hours the flow was on  the verge of being  ahnortu>al. 
Under such  conditions  the  wind speed has twice the gco- 
strophic value.  During tlrc 4-hour  period frotn 0600 to  
1000 GMT on  February 16 tllc flow TWLS sliglrtly abnormal if 
the transosonde  positions are believed  itrrplicitlJ-. Uncler 
these conditions the wind  spccd  would have ~ n o r c  tltan 
t'wice the  geostrophic v' d. 1 ue. 

In surnrrmry, then,  on flight X' :L cusped  trajcctory 
appeared downstream  from a ridge  where  the flow was 
barely abnormal, or on  tlle verge of being  abrrortrrd, : L I ~  

downstream froln a region  where the a1)solute vorticity 
was probably  negative. C'onsequently, i t  is  not possible to 
relat'e the  instability  illustrated by the  cusped  trajectory 
to one, rat'her  than tlre other,  phenomenon. However, it 
might be noted  that'  two days later  along  this sattie tra- 
jectory (over the North Atlantic)  the  transosonde  traccd 
out a more  pronounced  cusp,  and while there is evidence 
that the t'runsosonde was embedded in  a region of n c p t i v e  
absolute vorticity  during  the  preceding  period of extrclrlc! 
deceleration (180 kt'.  in 8 hours), it does not  appear that  
the flow was abnormal on t'he  upstream  ridge  in  this cttsc. 

3. INERTIAL INSTABILITY AND TRAJECTORY LOOPS 

In  the  previous  sectlion evidence for n relationstlip  bc- 
tween inertial  instability  and  trajectory  cusps  vas p t ~ -  

sented. There is also  limited  evidence  that  under sotrle- 
what similar conditions  the  t'ransosonde  trajectory nlny 

take on the form of a small  anticyclonic  loop, so t h a t   a t  
some point tlre flow is antigeostroplric. The  best cxntrrple 

FICI-RE 2.-l'ortiorl of trajtLct.ory of 300-mh. trarlsosonde flight 36', 
with srnoothctl positions and winds  (2-hour  intervals)  super- 
imposed on 12-110~1r1,~ srgmclnts of 300-rnb. NAWAC analyses. 
,4t the  trajector?  cusp the trarlsosonde  speed (in knots) is given 
by r l l I rnbor .  

of this  phcnonwnon  is  illustrated  in  figure 3, which sllows 
2-hour average winds plotted  along a portion of the 250- 
nib.  trajectory of trunsosondc flight  228,  one of the  last 
flights  released  frotn Japan. Especittlly to be  noted  in  this 
figure  is the trajec,tor.v configuration  over  Tennessee, 
wlrere the  trmsosonde  traced  out a portion of an ant'i- 
cj-clonic loop before tlrc functioning of the pre-set tcrrnina- 
tion  device.  This  undoubtedly  represent's  the  most 
inopportune terlnirrwtion in  trmsosonde  history.  The t'ran- 
sosondc was  tracing  out  this srllall anticyclonic  loop at  the 
rate of :Lbout 90" of arc per 6 hours which, if continued, 
would l1avc resulted  in  loop  closure  in 24 hours,  quite close 
to  the  inertial  period for the  latit'ude (21 hours).  In some 
\V:I.VS this  loop  rcscmblcs n pure  inertial circle. The  radius 
of curvature of sucll :I circle is given by  tlre ratio of speed 
and Coriolis  pltralneter [ 7 ] ,  and  taking  the  average  spced 
during tlre lust 12 hours of flight (12 kt . ) ,  we find the appro- 
priatc  radius of curvature is 1" latitude,  very close to that  
observed in figure 3. 

On  flight 228, the  tlansosonde-derived wind  direction a t  
the pressure  crest  changcd by 60" in  4  hours,  corresponding 
to an (anticyclonic)  angulnr  velocity of -0.73 x lo-' sec. -' 
This is  considcrtlbly greater than  the cyclonic  angular 
velocity of tlre earth  about the local  vert'ical a t  this  latitude 
(0.6OXlO-' sec. -I) ,  so that  there is  stronger  evidence  for 
the existence 01 abnortntll flom7 on  this  flight  than on flight 



36'. However, the evidcncc for ncgtltiw  absolutc  vortiritJ- 
on flight 228 is  not :IS convincing :IS i n  tlrc  prc>vious two 
cases. I n  p>1rtic&tr, tlrc csistc~nce of negative ahsolutr. 
vorticit'y  can not' be slromn 1))- winds  but only by g ~ o -  
strophic  vorticit'y  evnlu~~tions f m t n  the  pressure fic,l(ls 
south of tlre Great Lakes on tlrc t.wo nlnps for 11;lrch 22, 
1959. 

The  question  irnrnediately  ariscs as to wlr)-, in t h r  cas(: 
of flight  228, the  trajectory assulrlcd tho form of a slrrall 
ant'icyclonic  loop  whereas  in the casc of flight :3A' t'he tri1- 
ject'ory  assumed  the  form ol :t cusp. T h e  differencc proh- 
ably lies in t'he magnitude ol the pressurc g r d i e n t  in tlrc 
area  where  the  transosondc  velocity heciitlle vcry srrlilll. 
Thus,  on  flight 228, this  grudicnt  might be considered suf- 
ficiently small  that'  inertial flow (which, by dcfinition, is 
flow in  a  region of zero  pressure  gradicnt) could h a w  been 
approximated; while this was not  t'rue  on  flight 36'. L h  

alternate,  but  more  remote,  possibility  is  that  the  looped 
trajectory  is  a  consequence of the flow on tlre ridge on 
flight 228 definit'ely having hccn abnormal (wind speed on 
the  ridge  more  t'han  twice  the  geostrophic  vnluo) ratlrcr 
than more or less on t'he dividing  line  between  normal : u r d  
abnormal,  as  on flight' 36'. This  dternlttive inlplics that 
the rarity of small  ant'icyclonic  loops of tlre kind rvidcnced 
on flight 228 is  correlrtt'ed with the t.qu:tl rtuity of nbnornrd 
flow on  large-scale  ridges. There could be :I tenuous  con- 
nection  here  with  the  work of K R O  mtl  Neihurger [8]  wlro 
have  shown tlreorctictllly that'  il,  in n pressurc field of 

equally-spaced  straight  contours,  the  initial geostrophic 
deviat'ion  equals  the  geostrophic  wind  (wind  speed equal 
to twice the  geostrophic  value)  the  trajectory  assumes the 
form ol a  cycloid  (cusped trajectories),  whereas if t'he 
initial  geostrophic  deviation  is  greater  than  t'he geostrophic 
wind  (wind speed more than tw-ice the geost'ropllic value) 
tlre trajectory posscsses small  tmticyclonic loops. 

J n  passing i t  is of interest  t>tlat some confirmation for 
the srrra.11 anticyclonic  loop  on  flight 228 is offered by the 
direction of the  weak wind (2-3 kt'.)  in  northern Mis- 
sissippi. By itself t'his w i n d  direction would probably be 
tlisrrlissetl as  incorrect,  but  the  traject,ory  shows that 
basically i t  is correct. I t s  weakness  relative to the  tmn- 
sosorrtle-derived w i n d  may result from its average over a 
2000-foot layer in 21 region where liuge  circul;it,ion vari- 
ations in the verticd  might be expected. 

J I I  slltlltl1ilry o l  flight  228, we have  hypothesized that 
the slr1;lll :tnticyclouic, loop  in  this  trajectory is most 
likely ;III itrertial  circle, r n d e  possible by the very weak 
pressure, gr:dierrt in the >ireiL where, suhscqnet~t  to tran- 
sosonde  passs;~ge  ttrrough a region ol' inerti:ll  instability, 
tlre transosorrtle  velocity :~ppro:wlrecl zero. A less likely 
;dterrrtltivc is th;lt t h e  loop is due to 1)ilss:lge ol' tlre tran- 
sosonde through :L region of rlegrltive ahsolute vorticity 
d t p r  its pi1ss::'ge thror~gh I I  ridge on which the flow was 
definitely ~ ~ b t l o r t r d .  Aceorcling to this latter reasoning 
: u r d  cdlatitlg t h e  results  obtaitletl I'rorll flights Sci' and 
228, i t  tmjectory loop would  result I'rorrr the feeding of 

w i n ( l  of more t'h:ltl twice geostrophic value into it region 
of Ircgative :lbsolute vorticity,  wtleres 21 cwsped trtljertory 
N - O I I ~ ( ~  rcsult I'rot~r tllc fcetlillg of I L  wind eclutll to twice 
tire geostrophic v;ll11(1 into  a region of tleg:lti\re absolute 
vort icitg. 

4. TRAJECTORY  ESTIMATES 
IN  REGIONS OF INERTIAL  INSTABILITY 

I~r;ls~rruch as  large  geostrophic  deviations have heen 
shown to exist i n  ; u r d  dowr~streanl f'ronl regions ol  inertial 
instability,  it is obvious t'llilt trrijectory  estinlations in 
such  regions :Ire lltlz;lrtlous, if not)  impossible.  In pnr- 
tic*ul:u., any tr:ljectory  estimations based upon  the geo- 
strophic  assumption  are nretlningless, as can  be seen by 
reference  to figure I and flight 990. As a  st'riking extlnlple 
of tlre trc~ncndons tr:ijechtory errors which m t ~ y  arise in 
regions of inertial  instability, figure 4 shows  the com- 
p:lrison between thc :300-1rrb. trajectory of tmnsosonde 
flight SIJ-1 (c1;lshed line),  launched from Vernalis, Calif. 
into  such :L region of instability,  and  the forecast' t'ra- 
jectory (dotted line)  n1;~de by the  numerical  computer at 
Suitland, Md., bused on the  synoptic  map  illust,rated in 
the figure (the  nap closest to transosonde launch  time). 
I n  this case the forecast' trajectory WAS not  based  on the 
geostrophic :tssnrnption but  on the balanced  wind as- 
sumption, which :lutornatically  introduces difficulties in 
regions ol' large  (relative)  anticyclonic  vorticity. For 
c1et:lils of the trajectory  forecast  method, see the paper 
hy Ilubcrt~, Wolf€, :urd Cave [9]. 
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I t  is noted l'rol11 figure 4 tlr:rt tlrc forecxstj tr:Ljcctory 
almost coincides xvitlr t1re contour 011 tlle synoptic  Imp 
closest to trmsosorldc  Iau1~1l  time :111d thus is sirlli1:u to 
the trajectory o ~ r r  would ohtain  assunling  geostrophic 
flow and little chnrlge in pressure pltterr!  with  time. 
However, rather thtrn curving cyclonic:rlIy, the :rctu:rl 
trajectory curved anticyc.lonicilllS :\rltl ended up lliovillg 
in a  direction  exactly  opposite to that of the f o r ~ e c ~ ~ s t  
trajectory. In fairness i t  shoultl  be stated that tlrcre 
was consider:tble change in  pressure p:rttern with  time  in 
this case so that  the forecast' trajectory  error is at  least 
partly due  to  error  in  pressure field prognosis. I n  par- 
ticular, the trough  tended to "dig" to  the  southwest of 
Baja California,  more or less  in :qq-eernent with  the  in- 
dications of the  transosonde tr:ijec+tory, with  the  result 
that the flow toward  high  pressure wrs not :is pronounc~rd 
as suggested in  figure 4. One  inrrnetliately monclers 
whether this pressure-field  developnrerlt~ w:ls a result of 
the inertial instability urld the corlsequent  response of 
the pressure field to  air-parcel  trajectories such as the 
one illustrated by the  trunsosonde.  Further evidence  in 
favor of such a response is presented  in  the  next  section. 

5. EVIDENCE FOR  THE ASSOCIATION OF INERTIAL 
INSTABILITY AND  PRESSURE-FIELD CHANGES 

In this section the  question of whether irlert'inl in- 
stability is the  precursor of' changes  in  the pressure pattern 
is dealt with specific:dly. On the  one hand it  appears 

rmsor!uble that the  1:lrge ageostrophic flows engendered 
by such :in instability, as illustrated by the aforementioned 
tr:msosontle  flights,  would be associated  with  divergence 
pntterns which  would induce  changes  in t'he pressure 
field. Or1 the  other  hand,  pressure  changes  at  a level 
are  the  result of divrrger1c.e patterns  everywhere  above 
th:rt, level, and since the  criterion of inertial  instability 
is  likely to be  redixed only in :I relatively  shallow  layer 
enllmrcing the  jet stream (say between  pressure  surfaces 
of :<OO and 200 ml).), i t  is not  obvious  that  the pressure 
field at 300 or 250 mb. should respond  to  the  large ageo- 
strophic flows at  these levels  associated  wit'h  inertial 
instability. 'This problem of the  nlutual ttdjust>ment of 
mass and velocity  fields has been treated theoretic:Llly by 
several authors, most  recently,  perhaps,  by Bolir: [lo]. 

We  present  here t,wo extmples suggest'ing, but not' 
proving,  that, t,he pressure field does respond to large 
ageostrophic flows associat'cd wit11 inertial  instability  at 
jet stretrrn level. The  top  diagrarn of figure 5 shows the 
250-rnb. SAWA4C analysis :at the  time trwnsosonde 
flight 202 was located  just  to  the  north of Hawaii. On 
the basis of this  analysis, which  tlppenrs well established 
by the mirld at Weather Ship N,  one would  expect the 



transosonde  to cross tlle  west  coast' of the  United  States 
within 24 hours,  probably  near  the  Oregon-Chlifornia 
border.  However,  note  that  at'  map  time  the trnrlsosonde 
was located  within a region of st'rong  anticyclonic  shear of 
t,he  geostrophic wind. In  this  southerly  latitude,  this 
shew is  easily  sufficient t o  render  the flow inertially 
unstable.  The  transosonde  trajectory  subsequent  to 
passage  through  this  presumed  region of inertial  instability 
is  quite  unexpected; far from  entering  the  United  Statcs 
the  transosonde  curved  anticyclonically  and  fin;tll~- 
attained a latitude of 8". The  bottom  diagram of' figure 
5 shows the NAWAC analysis 24 hours  later, of necessit- 
based largely  on  trnnsosonde  positions and  winds as 
bhere were no  other  data  available  in  the area of interest. 
A large  t'rough  is  indicated  in :a area where  none  nxs 
indicated  before :tnd the existence of this  trough is 
confirmed by later minds at Weather  Ship X. 'L'here 
are two  possibilities to  be considered  here. The first  is 
t,hst  the NAWBC trnalysis for January 18 W;IS incorrect 
and  that a  trough or IJow already  existed  to  thc  southwest) 
of Baja  California.  The  winds along the  coast  and :It. 
Weather  Ship N make the presence of a trough  unlikely 
but a cut-off Low could have been  present  in  the region 
of no data.  The  second  possibility  is  that, t~ w r y  rapid 
development  took  place,  associated  with  the loss of 
geostrophic  control  in  the  region of' inertial  insta hilit- 
and  t'he  subsequent'  southward flow of air  parcels  in 
accordance  with  t'he  t'ransosonde  trajectory.  This  second 
possibility is not too remote  because, as mentioned 
previously, so long  as  the  absolute  vorticity is zero, it is 
insensitive to  t'he field of horizontal  divergence. : ~ r t t l  
hence conservation of zero  absolute  vorticity is Illuc*ll 
more  likely t,llarl conservation of a non-zero d u e  ol' 
absolute  vorticity.  Thus,  particularly tlt this low Iwtitudc, 
an air parcel  initially  embedded  in :a region ol inertial 
instability  could  easily  deviate far from its  origind 
contour  channel.  On  flight 202, as on flight 990, there 
was a  tendency for conservation of absolute  vorticity 
following the  transosonde as seen from the fact  that Lor :I 

16-hour  period,  between  Hawaii and the west coilst, the 
flow was on  t'he  verge  of  being  abnormal so t l la t  only :I 

small anticyclonic  shear would have  been  needed to 
fulfill the  criterion of zero absolute  vorticity. 

The  sparsity of' (lata  in  the  area  under discussion  in 
the  above  case  does  not  permit a completely  satisfactory 
analysis.  Consequently,  in  this  next exm1ple we illustrate 
the  probable effects of inertial  instability in >I region 
of good data  coverage.  The  three diagralns in figure 6 
show KAWL4C lnrtps a t  24-hour  intervals  during  the 
time of passage  over  the  United  States of transosonde 
flight 229. The top diagram  shows  the  transosontle 
embedded in a flow which  would he expected to  carry 
it  nort'h  into  Canada.  However,  at  map titlie on the 
21st t'lle transosonde WAS decelerating rapiclly, :IS shown 
by  the speed  decrease of 35 kt.  during  the previous 4 
hours.  The  trnnsosonde  continued  to tlec*eler:lte nrld 
instead of veering  nort~lleastmard  in  agreement  with the  

contour  pattern, corlt'irluetl to move southeastward  in r?, 

straight line md.  findly becnme  embedded  in  the  nearly 
zond flow through  the  southern  tier of States, as shown 
in the middle  di:graIn. If we ac,cept the  contour analyses, 
we see that :in area o l  negrttive absolute  vorticit'y existed 
to  the west of northern  California  where  the  trtmsosonde 
continued to lnove  in :I straight  line  nlther  than in 
:Iccord:mce with  the  contours.  The  three ditrgrarns show 
thtlt, :Itj the  stme  time  that  the flow (as delineated  by the 
tratrsosoncle) cut  through  the  base of the  ridge  initially 
over tlle Rocky AIountnins, the  ridge  collapsed, :IS if in 



response  to  the new flow pattern  set up due  to  the  inertial 
inst~abilit~y.  However,  there  is :t problem of cause and 
effect here  and  one  nlight tdso say that  the collapse ol  
the  ridge  enabled  the flow to  assume  its  new  orientation. 
It is not  obvious  how  this  question of cause and effect 
can be  answered  swtisfact~orily  except to  a r d y z e   d l  
pressure field changes  subsequent  to  passage o l  t rmso-  
sondes througl~ regions of inertial  instability. If, in 
general, the  pressure field does  reorient in accordance 
with t’he  trmsosonde  trajectory,  this  represents  strong 
evidence in I‘avor of the flow being tlle  cause  rnthcr 
than  t’he eBect ol  pressure field changes. If suc~h  turns 
out to be the case,  t’hc  forecast  implications are obvious. 
As it  stands  now,  it is  believed  sufficient  evidcncc has 
been presented  to  make  worthwhile  the c:trelul considera- 
tion oi regions of inertial  instabilit~y m d  their possible 
influence on  the  forecast o i  flow and  pressure fields. 

6.  CONCLUSION 

@onst8ant-lcvel l~alloons  represent  t8he most obvious way, 
and perhaps t’lle only way, of clelineat,ing the  t,rue  impor- 
t’ance of regions of inertial  irlstabilit’y.  While the above 
analysis would be 111orc convincing and satisfying if carried 
out 011 an  isentropic,  rather  than an  isobaric,  surl‘acc, 
presumably isobaric  t’rajectories  arc  sufficiently sitllilar. to 
isentropic trajectories so that  the rnain J‘catures brought 
out in this paper are  valid,  na~ncly, (1) that cxtrerncly 
large deviat,iorls I‘rorn geost,rophic flow o(-cur  in and down- 
stream froln regions of’ inertial  instabilit-; ( 2 )  that, these 
deviations may well be precursors 01 changcs in pressure 
pattern; (3) t’llat trajectory  cusps  and srllall allt~icyclorlic 

bility,  with  the  particular  configuration  probably a func- 
tion of the  pressure-gradient  nlagnitude  in  the area where 
tlle  t~~arlsosonde  velocity  becomes  s~nall.  Because of its 
itnportancc,  further  analysis  is  planned  with regard to 
point ( 2 ) .  
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